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IZE mismatch is the greatest obstacle in adult living

related donor liver transplantation (ALRDLT). We
have reported that acute elevations of portal hypertension,
reflecting wall shear stress against the portal vein and
sinusoids, trigger liver regeneration following partial hepa-
tectomy and that excessive shear stress induces liver injury
after massive hepatectomy.* We have also reported that
splenic arterial ligation and splenectomy prevent the liver
injury by reducing excessive portal hypertension after major
hepatectomy.? In this study, we investigated the relation
between posttransplant portal hypertension and small-for-
size grafts in ALRDLT.

MATERIALS AND METHODS

We examined 15 patients transplanted from March 1999 to April
2001. The patients were divided into three groups: Group I, graft
volume/recipient body weight (GV/RBW) ratio =1.0; Group II,
GV/RBW ratio <10, and Group III, recent cases with measured
portal pressure after ALRDLT and control of portal pressure
below 25 cm H,0. The patients in Group III were administered
intraportal prostaglandin E1 and insulin after operation with
examination of the liver function and immediate portal pressure
following ALRDLT.

RESULTS

Peak total bilirubin levels of the three groups after
ALRDLT were 7.6 + 3.3 mg/dL, 17.4 * 12.9 mg/dL, and 9.3
* 4.0 mg/dL, respectively. Peak GPT levels of three groups
were 466 + 402 TU/L, 166 = 105 TU/L, and 179 = 99 IU/L,
respectively. There were no statistical significances in AKBR
between Group I and Group II. During postoperative
hyperbitirubinemia, direct bilirubin was the dominant frac-
tion, especially in Group IL Interestingly, a patient who
underwent auxiliary partial orthotopic liver transplantation
due to metabolic liver disease did not display portal hyper-
tension (11 cm H,O0) and the direct bilirubin did not
increase. The portal pressure of three patients after
ALRDLT increased above 30 cm H,O despite a right lobe
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graft. Splenectomy was performed in these patients The
portal pressure after splenectomy decreased below 25 cm
H,0. The postoperative courses of the splenectomized
patients were uneventful. On the other hand, the portal
pressures of the patient whose GV/RBW ratio was 0.55 was
19.5 cm H,O after ALRDLT.

DISCUSSION

Excessive portal pressure after hepatectomy or ALRDLT
would result in liver failure. Our animal data,* in which
portosystemic shunts were created by subcutaneous splenic
transposition in hosts after 95% massive hepatectomy
showed inhibited liver injury and prolonged survival, find-
ings that support our hypothesis. There was a discrepancy
between postiransplant portal pressure and GV/RBW ratio.
Measurement of portal pressures after ALRDLT may be
useful to recognize this discrepancy. Splenectomy or splenic
arterial ligation reduces excessive portal hypertension after
ALRDLT and may prevent liver injury due to excessive
portal hypertension, including damage to the transport of
direct bilirubin.
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Analysis of Microchimerism in Peri
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ICROCHIMERISM*? in organ transplantation has
been proposed to determine transplant outcome;
however, there are no investigations concerning early chi-
merism after liver transplantation. We have reported that
intrahepatic leukocytes are washed out of the graft liver due
to the actions of excessive shear stress caused by the
preservation solution and the increased portal flow.>S
Therefore, in the present study, we investigated the micro-
chimerism during the early period following adult living
related donor liver transplantation (ALRDLT).

MATERIALS AND METHODS

Three consecutive patients wha underwent ALRDLT beginning in
July 2000 were studied to assess peripheral blood microchimerism
using a polymerase chain reaction (PCR)-based method of micro-
satellite analysis of highly polymorphic short tandem repeat se-
quences (STRs) that detect donor-type cells, which were counted
by GeneScan3.1 (ABI PRISM).

Result of donor 2nd recipient STR locus

STR locus | Recipient | Donor
Pre ap
CSF1PO 12, 8 12,8
TPOX 8 8
THOI 9,8 8,7
Results of chimerism in peripherat blood
Immediatly afier 12 hours
impl 1 afier imp
CSFIPO 12, 8 12,8
TPOX 8 8
THO1 9,871 9,8

Fig 1. Analysis of microchimerism In
divided into donor type or recipient type
1 hour after the implantation.
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RESULTS

Donor-type cells were not detected 2 days after ALRDLT
in any patients. However, immediately after Jiver transplan-
tation (Fig 1), over 10% of all peripheral blood leukocytes
were of the donor type (mean: 13.4% + 2.4%).
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peripheral blood following ALRDLT by short tandem rapeat method. Leukocytes could be
by STRs locus 7 {underiine) using THO1. The percentage of donor-type leukocytes was 13.6%
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ANALYSIS OF MICROCHIMERISM IN PERIPHERAL BLOOOD

DISCUSSION

Since microchimerism was reported by Starzl et al,' the
impact of this phenomenon on donor-specific graft toler-
ance has been controversial. Norris et al.? reported that
donor microchimerism following liver transplantation is an
infrequent event and that generation of graft acceptance is
independent of microchimerism.,

We reported that intrahepatic leukocytes changed from
donor type to recipient type within 1 week in over 95% of
hosts.® Therefore, in this study, we examined early alloim-
mune reactions following ALRDLT. Our data demonstrate
that donor-type cells are eliminated from the periperal
blood within 1 or 2 days after ALRDLT, suggesting that an
allcimmune reaction occurs immediately after transplanta-

413

tion. Furthermore, a fair number of donor-type cells
present donor antigens from the grafted liver to the sys-
temic circulation immediately after ALRDLT. This anti-
gen-presenting system may participate in graft acceptance.
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BACKGROUND. Advances in the diagnosis and surgical trearment of hepatocellular
carcinoma (HCC) have improved the Prognosis for patients with HCC who undergo
liver resection. The objective of this study was to evaluate prognostic predictors for
patients with HCC who underwent liver resection in a Japanese nationwide data
base.

METHODS. In this study, the authors analyzed 12,118 patients with HCC in a
Japanese nationwide data base who underwent liver resection between 1990 and
1999 and compared them with a previous analysis of patients between 1982 and
1983. All patients were evaluated far prognostic factors.

RESULTS. During the last decade, the increases in patients who were without
hepatitis B virus surface antigen, whe had small tumors, and who had portal vein
invasion were noted. The 5-year overall survival rates for patients with HCC
improved to 50,5%, compared with < 40% in the previous analysis. A multivariate
analysis using a stratified Cox proportional hazards model according to assoclated
liver disease indicated that age, degree of liver damage, «-fetoprotein level, max-
imal tumor dimension, number of tumors, intrahepatic extent of tumor, extrahe-
patic metastasis, portal vein invasion, hepatic vein invasion, surgical curability,
and free surgical margins were independent prognostic predictors for patients with
HCC. Operative mortality decreased from 2.3% in 1990-1991 to 0.6% in 1998-1999,
CONCLUSIONS. Qutcomes and operative mortality rates in patients with HCC im-
proved during the last decade, Age, degree of liver damage, a-fetoprotein level,
maximal tumor dimension, number of tumors, intrahepatic extent of tumor, ex-
trahepatic metastasis, portal vein Invasion, hepatic vein invasion, surgical curabil-
ity, and free surgical margins were prognostic factors for patients with HCC who
underwent liver resection. Cancer 2004;101:796-802,
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epatocellular carcinoma (IICC) is a common ma-

lignancy in Japan. Recent progress in the diagnosis
and treatment of HCC has improved patient out-
comes. With earlier diagnosis and tumors detected at
an early stage, there is substantially increased survival,
and curative surgical resection possible.”~ Advances
in surgical techniques and perioperative management
have led to a decline in the operative morbidity and
mortality of patients who have HCC with chronic liver
disease. However, long-term survival remains unsat-
isfactory.

The Liver Cancer Study Group of Japan (LCSGI)
has been conducting a nationwide survey of patients
with primary liver carcinoma since 1965 to evaluate
epidemiologic and clinical characteristics, histopatho-
logic features, diagnosis, treatment modalities, and
outcomes. In 1994, the LCSG] reported on predictive
factors for long-term prognosis after liver resection for
patients with HCC between 1982 and 1989 in Japan?
Since that study was published, new imaging methods
and laboratory tools have been introduced for the
diagnosis of HCC.** In addition, it is recognized now
that hepatitis C viral infection confers a high risk for
HCC.® In the 1990s, a screening program for HCC was
initiated, and several new therapeutic modalities for
HCC, such as thermal ablation therapy and locore-
gional infusion chemotherapy through the hepatic ar-
tery, have been applied. Liver transplantation also has
become an effective treatment for patients with HCC
who have severe liver dysfunction.” However, new
strategies for the treatment of patients with HCC still
need to be established.

We reevaluated prognostic predictors for patients
with HCC in a large-scale data base, taking into con-
sideration recent advances in the diagnosis and treat-
ment of HCC. In this study, we analyzed a Japanese
nationwide data base between 1990 and 1999 to re-
evaluate prognostic factors for patients with HCC who
underwent liver resection and compared the findings
with data from our previous report.?

MATERIALS AND METHODS

In the nationwide follow-up survey of primary hepatic
carcinoma conducted by the LCSG], patients with pti-
mary malignant liver tumors who were diagnosed with
imaging studies, preoperative clinical data, and/or
histopathologic studies at approximately 800 institu-
tions in Japan were registered every 2 years, and reg-
istered patients were followed prospectively. In this
data base, there were 50,267 patients who were diag-
nosed with HCC between 1990 and 1999. Among
them, we enrolled 12,118 patients with HCC who un-
derwent liver resection between January, 1990 and
December, 1999. Follow-up ended on December 31,

Prognostic Factors of HCC Patients/lkal et al, 797

TABLE 1
Degree of Liver Damage
Degree of liver damage®
Item A B C
Ascites None Controllable Uncontraliable
Serum bilirubin {mg/dL} < 2038 >30
Serum atbumin (g/dL) >335 30-35 >30
ICGR,; (%) <15 15-40 >40
Prothrombin activity (%) >80 50-80 <50

ICGR,5 indocyanine green retention rate at 15 minutes.
% The severity of each finding is evaluated separately. Degree of liver damage is recorded a6 A, B, ar G,
based on the highess grade that contained at least two Bndings.

1999. The median follow-up was 21.5 months (range,
0.03-119.7 months), the mean patient age was 62.5
years, and the male:female ratio was 3.73:1.0.

In the data base, 21 clinicopathologic and biologic
variables were selected from LCSGJ questionnaires
that were used to survey patients with HCC. Patients
were then stratified by gender, age, history of blood
transfusion, hepatitis B virus surface antigen (HBs-Ag)
status, hepatitis C virus antibody (HCV-Ab) status,
degree of liver damage, preoperative serum «-fetopro-
tein (AFP) and protein induced by vitamin K absence
or antagonist-II (PIVKA-II) levels, maximal tumor di-
mension, number of tumors, intrahepatic extent of
tumor, extrahepatic metastasis (including lymph node
metastasis indicated in the preoperative imaging stud-
ies or operative findings), growth appearance {expan-
sive growth or infiltrative growth), capsular formation,
septum formation, portal vein invasion, hepatic vein
invasion, bite duct invasion, surgical curability of liver
resection, free surgical margins, and histologic-asso-
ciated liver disease (normal liver, chronic hepatitis,
and cirrhosis). The degree of liver damage was classi-
fied as A, B, and C (also called clinical Stages I, II, and
I1I, respectively in the Classification of Primary Liver
Cancer by the LCSGI®) and was defined by preopera-
tive measurements of ascites, serum bilirubin level,
serum albumin level, indocyanine green retention rate
at 15 minutes, and prothrombin activity (Table 1).
Intrahepatic extent of tumor also was defined in the
Classification of Primary Liver Cancer by the LCSGJ.°
We defined a free surgical margin as a distance of 1 cm
between the cut surface and the tumor edge in the
resected specimen. Surgical curability was defined by
the LCSGJ as follow: Absolute curative resection in-
cluded live resection with 1 cm of free surgical margin
in patients with Stage I disease; relative curative re-
section included live resection without 1 cm of free
surgical margin but with the excised tumor tissue in
patients with Stage I disease or liver resection with 1
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cm of free surgical margin in patients with Stage Il or
[T disease (in either instance, no tumer thrombi may
remain in the portal vein, hepatic vein, or bile duct in
images of the remnant liver); relative noncurative re-
section, in which all macrescopic tumor tissue is re-
moved; and absolute noncurative resection, whick is
liver resection with part of the macroscopic tumor
tissue remaining. Capsular infiltration was excluded,
because this factor was determined only in patients
who had HCC with capsular formation; and, in 25% of
our patients, capsular formation was absent.

Overall, cumulative survival rates were obtained
using the Kaplan-Meier method. The differences in
survival between the groups were compared using the
log-rank test. The starting point for calculating sur-
vival was the date of surgery, and the endpoint was the
date of death. All deaths, including operative deaths,
were considered the endpoint. Patients who remained
alive on December 31, 1999, were censored. After the
univariate analysis of the factors affecting survival,
only significant variables except PIVKA-II were used in
the multivariate analysis using the stratified Cox pro-
portional hazards model, because data records of
PIVKA-II were not complete. In the Cox model, base-
line hazards were stratified by undetlying liver disease,
because the underlying liver disease affected survival
in the univariate analysis and crossed the Kaplan-
Meier curves. It was expected that this stratified Cox
model would be more powerful than the subgroup
analysis by underlying liver disease. The data derived
from 7056 patients with complete records were used
in the multivariate analysis. P values < 0.05 were
considered statistically significant. Statistical analysis
was carried out using SAS software (version 8.02; SAS

Inc., Cary, NC).
RESULTS

The 1-year, 3-year, and 5-year overall survival rates for
patients with HCC were 85.3%, 67.0%, and 50.5%, re-
spectively (Fig. 1). The 5-year survival rate was 10%
greater than the rate in our previous report, in which
the 5-year survival rate was < 40%.2 Categorization of
variables, patient ratios, and the 3-year and 5-year
survival rates are shown in Table 2. Compared with
our previous report, the proportion of patients age
> 60 years increased from 46% to 66%. The percentage
of patients with positive HBs-Ag status decreased from
25% to 20%; and the percentage of patients with pos-
itive HCV-AD status, which was not examined in the
previous study, was > 60%. The development of diag-
nostic imaging studies made it possible to detect small
tumors, so that patients with tumor s that measured
= 2 cm in greatest dimension increased from 16% to
21%, and their 5-year survival rate improved from 53%

1.0

0.8

0.6

Survival rate
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FIGURE 1. survival curva for patients with hepatoceliutar carcinoma ¢HCC)
who underwent liver resection between 1990 and 1999 (7 = 12,118 patignts).
The 1-year, 3-year, and 5-year overall survival rates for patients with HEC
patients were 85.3%, 67.0%, and 50.5%, respectively,

to 66%. This early detection of small HCC tumors led
to an increase in patients with AFP levels < 20 ng/mL
from 32% to 43%. The percentage of patients who had
solitary tumors was similar to the percentage in our
previous report; however, their S-year survival rate
increased from 41% to 56%. Improved surgical tech-
niques have made it possible to resect advanced he-
patic tumors. The proportion of patients with portal
vein invasion who underwent liver resection increased
from 15% to 24%. The indications for surgical treat-
ment of advanced HCC have been expanding.

In the univariate analysis, there were significant
differences in survival among the groups stratified by
age, degree of liver damage, serum level of AFP and
PIVKA-II levels, maximal tumor dimension, number of
tumors, intrahepatic extent of tumors, extrahepatic
metastasis, growth appearance, capsular formation,
septum formation, portal vein invasion, hepatic vein
invasion, bile duct invasion, surgical curability, free
surgical margin, and associated liver disease (Table 2).
Compared with our previous report, the survival of
patients with negative HBs-Ag status, including pa-
tients with HCV-Ab, was no better than the survival of
patients with negative HBs-Ag status. There also were
no significant differences in survival between patients
with negative and positive HCV-Ab status,

The multivariate analysis using a Cox proportional
hazards model stratified by associated liver disease
indicated that age, degree of liver damage, AFP level,
maximal tumor dimension, number of tumors, intra-
hepatic extent of tumors, extrahepatic metastasis, por-
tal vein invasion, hepatic vein invasion, surgical cur-
ability, and free surgical margin were independent



TABLE 2
Univariate Analysis of Patients with Hepatocellular Carcinoma
Surviva vate (%)
Noof
Varisble patients (%) itn 5T Prdue
A
< B0 yre 4097 (318 613 27 01
=m 021 156.2) 664 L) -
Gender
Male 9550 (78 671 503 04
Female 281 (21 665 S8 -
History of blood tnnsfusion
Present 5% (259) 611 94 15
Absent H MY 8.3 515 -
Hepatitis B surface antigen
Pusitire 2450190 3 50 057
Negative %7682 675 500 -
Hepatitis C virns antibody
Positive e 84 443 05
Negative 3676 (320 66 518 -
of liver dame
D?u i TI5L (664 3 561 0.0001
B 3299287 603 428 -
C 1839 H1 %7 -
a-Felnprosein
< Nagiml 4380 (429) ml 613 0.000L
21-200 ngtmk 3296 (284) 67 n -
20t-1000 og/mL 1504 {130 581 03 -
1001-1000 ngiml 1187 (10.2) 521 n -
2 1400 ngiml 647 (55 103 al -
PIVEA-IL
< 100 mAUmL 5352 {62.0) 753 513 £,0001
100-299 mAU/mk 898 678 518 -
300439 mAl/mL (RIS ] 59.1 16 -
509-939 mAU/mL 502 (5.8) 5l 383 -
> 1000 mAU/mL 15854170 486 B5 -
Maximal wmor dimension
<20cm 10219 a7 K| 0.000L
21-50 an 5856 (53.9) 4 523 -
51-100cm 196 (178) 514 s -
>100em a1¢{14 45 ni -
Ko, of tumers
3 MIZ(753) 730 5.5 0008
2 1655 (14.8) 682 450 -
23 1108 (9.9) H4 W5 -
[nteahepatic extent of twmor®
Ho tess 7.0} .7 8.1 0.000t
Hs 3597 (3.0 i HI -
Hl WA 683 x3 -
H2 L2804 583 40 -
H¥-HA 604 {5.5) *5 %3 -
Extrahepatic metaslass
Absest 11,644 (9.7 6.7 503 0.000
Presens 150(1.3) 204 1S -
Grrwth type
Eg 9436 92.8) K] - 528 0.0001
Ig TR (4 S48 a0 -
Capsular formation
Hoeree 180U Y 08 %55 8431
Presence B4R{76.0) 8L 807 -
Seprum fnrmation
Absence 5249(507) 3 Ml 0.0001
Presence 5202(438) 6.7 497 -
Pormal vein invasion
i 8503 {76.5) 3] 52 2.000L
Presence 2609 (235} 180 S -
Hepatk yein invasion
Absence 351 {91.0) N1 501 0.0001
Presence SIB0 H3 n1 -
Bile duct imasion
Absence 10,637 (96.6) 693 29 €.0001
Presence 30064 L%} ns -
ical curabiliny
i curative {25 a2 B7 0.0061
Relative cunitive S434 (490 ns 556 -
Relative noncurative 2622 (2400 586 49 -
Absolute noncurative 959 354 197 -
Surgical free margin
Presence #2510 i} 560 £.0001
Absence 4652 23 643 ®7 -
Associared Yiver discase
Normal 106+ {1111 695 582 0.0001
Ohunnie hepatitia 3258 (35.1) M 610 -
Cimhosis 1421539 553 463 -

PIVKA-[l: proteln Lnduced by vitnmin K absence or anagonist-IL; Eg expanshe growth (well deroar-
cated bocder); Ig: infiltrative groweh (poody demarcated bacder).

*Ho: » solitary Tumor messuring < 2.0 £m in greatest dimenslon with no vascular invasion; He:
rumar(s) limited to 1 subseg {Couinaud segment); H1: tumot(s] Timited 10 1 segment HZ tumor(s)
limited 1 2 segments; H3: tumor(s) limlted to 3 sep Hi: ) invalving > 3
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TABLE 1
Multivariate Analysis Using the Stratified Cox Proportional Hazard
Model by Associated Liver Disease
Variable HR  55%CI Pvalue
Age = 60 yrs vs. < 60 yis) 12 L1-k33  0.0001
Degree of liver damage (C., B, Al 126 117-135  0.0001
a-fetoprotein (ng/ml)

21-200 vs. 5 20 135 122150  0.0001

201-1000 vs. = 20 153 134174 0.0001

1001-10,000 vs. < 20 157 136180 0000

>10,000vs. = 20 164 13813 00001
Maximal tumer dimension (cm)

2150w 520 133 12215 0000

5.1-10.0 vs, < 20 204 173238 0.0001

> 100w, 520 253 207-3.09  0.0001
No. of tumors (mutiple vs. solitary) 119 105135 0.008
Intrahepatic extent of tumor*

H2 vs. H1 or less 108 056121 02

H3/H4 vs. HY or less 103 L07-157 0007
Extrahepatic metastasis (present vs. absent} 219 155309 00001
Growth type (Tg vs. Eg) 117 093-138 006
Capsular formatien (present vs. absent) 108 057138 017
Septum formation (present vs. absent) 097 083106 053
Portal vein invasion (present vs. absent) 146 13i-162  0.0001
Hepatic vein invasion {present vs. absent} 117 101-136 003
Bile duct invasion (present vs. absent) 10 073127 098
Surgical curability (absolute noncurative vs, others) 14 L1B-165  0.0001
Surgical free margin {positive vs, megaiive) 11 16120 00

HR: hazard ratio; 95% C1: 95% confidence intervak; Eg; expansive growth (well demarcated border); I
infiirative growth {pootly demarcated border).

* Hi: ¢ solitary tumor measuring < 2.0 cm in greatest dimension with no vascular invaslon; ts tumoris)
limited t 1 subsegment {Couinaud segment); HY: umor(s) limited t 1 segraent: H2 tumar(s) lirited
10 2 segments; H3: tumoris) imited to 3 segments; H4: tumorls) involving > 3 segments.

prognostic predictors for patients with HCC (Table 3).
During the last decade, operative mortality was 2.3%
in 1990-1991, 2.0% in 1992~1993, 1.4% in 1994-1995,
1.5% in 19961997, and 0.6% in 1998-1999.

DISCUSSION

The previous LCSG] report analyzed predictive factors
for prognosis of approximately 5800 patients who un-
derwent liver resection for HCC between 1982 and
1989.2 In the current study, we analyzed a large cohort
of > 12,000 patients who underwent liver resection for
HCC between 1990 and 1999 in a nationwide survey of
primary hepatic cancer in Japan. The development of
new diagnostic techniques, such as dynamic com-
puted tomography and magnetic resonance imaging,
has lead to an increase in patients who had negative
HBs-Ag status with low AFP levels, small tumors, and
portal vein invasion compared with our previous re-
port.? The number of patients doubled during the last
decade, and the patients’ profiles have changed. Ad-
vances in therapeutic techniques and perioperative
patient care have improved long-term outcomes after
radical resection for HCC. In the current study, we
analyzed patients with HCC in Japan in the 1990s,
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during which the 5-year survival rate improved to
50.5% compared with < 40% in the 19805.2 The overall
cumulative survival rate was better than the rates re-
ported in series from Asian and Western countries.?'®
Operative mortality also improved to < 1.0% in 1993~
1939, compared with > 3.0% in 1982-1987.*Therefore,
prognostic factors for patients with HCC should be
reevaluated.

In our previous study, the univariate analysis
showed significant differences for 13 of 14 factors; and
multivariate analysis using the Cox proportional haz-
ards model showed that 3 tumor factors {tumor size,
number of tumors, portal vein invasion), 3 clinical
factors (age, AFP level, and associated liver disease),
and ! operative factor (surgical curability) were inde-
pendent predictors of long-term prognosis for pa-
tients with HCC. In the univariate analysis for the
current study, 18 of 21 factors showed significant dif-
ferences; and the muiltivariate analysis, which was
stratified by associated liver disease, found that 6 tu-
mor factors (tumor size, number of tumors, intrahe-
patic extent of tumor, extrahepatic metastasis, portal
vein invasion, and hepatic vein invasion), 3 clinical
factors (age, degree of liver damage, and AFP level),
and 2 operative factors (surgical curability and free
surgical margin) were independent prognostic factors
for overall survival. Thus, tumor size, number of tu-
mors, and portal vein invasion are well known prog-
nostic factors afier resection in patients with HCC,

With regard to tumor size, some reports have
shown that patients with tumors that measured < 5
cm in greatest dimension had a better prognosis com-
pared with patients who had tumors > 5 ¢m. A new
International Union Against Cancer (UICC) TNM clas-
sification system makes use of 5cm as a tumor cut-off
size."* However, establishing a screening program for
HCC in patients who are at high risk for hepatitis virus
infection will increase the diagnoses of small sized
HCC tumors. In the current study, the percentage of
patients with tumors that measured = 2 cm increased
10 21% of all patients, compared with 16% of ail pa-
tients in our previous report. Three-fourths of patients
had tumors that measured = 5 cm. Patients who had
tumors that measured = 2 ¢cm had a significantly
better prognosis compared with patients who had tu-
mors that measured 2-5 cm. Therefore, in the TNM
classification system proposed by the LCSG], = 2¢m is
the tumor cut-off size,!?

Hepatic vein invasion was not evaluated as a
prognostic factor in the previous study,? because only
a few patients had hepatic vein invasion. In this large-
scale study, however, hepatic vein invasion was an
independent prognostic factor, along with portal vein
invasion, although the rate of hepatic vein invasion

was only 9.0%. Conversely, bile duct invasion was not
a predictor in the multivariate analysis, although there
were significant differences in survival in the univari-
ate analysis between patients with and without bile
duct invasion. Bile duct invasion occurred along with
vascular invasion in most patients, which may explain
these findings.'?

Most patients with HCC have HBV or HCV infec-
tion. The long-term survival of patients with HCC who
have different hepatitis viral infections has been con-
troversial.'*'® In the current study, there was no sig-
nificant difference in survival stratified by either hep-
atitis B or hepatitis C serology; although, in the
previous report, patients who had negative HBsAg sta-
tus had a better prognosis compared with patients
who had positive HBsAg status, Conversely, associated
liver disease was an important prognostic factor. Pa-
tients who had normal livers and chronic hepatitis had
a better prognosis compared with patients who had
cirrhosis, although there were no significant differ-
ences between patients with normal livers and pa-
tients with chronic hepatitis. To select adequate ther-
apeutic options for patients with HCC, prognosis
should be assessed at the time of Preoperative clinical
assessment. The degree of liver damage classification,
defined by preoperative clinical data similar to the
Child-Pugh classification system, was a significant
predictor. The degree of liver damage classified by
preoperative clinical data was more useful than histo-
logic evaluation of associated liver disease, not only to
estimate hepatic functional impairment for determin-
ing the appropriate surgical procedure but also to
predict patient prognosis.

Serumn levels of the tumor markers AEP and
PIVKA-II were associated with significant differences
in survival. Furthermore, AFP was an independent
prognostic factor. We reported previously that AFP
and PIVKA II were Indicators of a poor prognosis in
patients with HCC.2® The Cancer of the Liver Ttalian
Program investigators also reported that AFP was an
independent prognostic factor.'s Koike et al. reported
that the PIVKA-II (des-y-carboxy prathrombin) level
was the most useful predisposing clinical parameter
for the development of portal vefn invasion.!” How-
ever, PIVKA-II was recognized as a useful tumoer
marker for HCC only in the late 1990s, and it was not
examined in 30% of patients in the current study.
Therefore, PIVKA-II was not included in our multivar-
iate analysis. Recently, some reports have shown that
Lens culinaris agglutinin-reactive AFP is another use-
ful predictor for HCC."® These three markers should be
evaluated further to determine which tumor markers
will be useful in the near future for clinical screening
and for determining prognosis in patients with HCC.



Surgical curability was an important prognostic
factor. Patients who underwent absolute noncurative
resection in which residual tumor remained had a
significantly worse survival compared with patients
who underwent other types of surgical resection. LI-
ovet et al. reported that the median survival of patients
with unresectable HCC who were managed with sys-
tematic treatment was 17 months; and their 1-year,
2-year, and 3-year survival rates were 54%, 40%, and
28%, n=:spectively.19 Those results were similar to the
survival results for patients in the current study who
underwent absolute noncurative resection. Cytore-
duction surgery for HCC does not contribute to im-
proved outcome. Free surgical margin was another
important prognostic factor. To avoid tumor recur-
rence, it is important to perform liver resection with
adequate free margins, because microsatellite nodules
and histologic venous permeation have been found in
adjacent, apparently noncancerous liver.?®

Overall, within 5 years after they underwent liver
resection, 80% of patients developed recurent dis-
ease, and the most common cause of postoperative
death was HCC, either due to tumor recurrence or due
to multicentric carcinogenesis in the remnant liver.
Local ablation therapy and transcatheter arterial che-
moembolization in the treatment of recurrent tumors
have contributed to improvements in the prognosis
for patients with HCC. Liver transplantation is another
surgical modality for patients with HCC who have
severely impaired liver function, although few Japa-
nese patients underwent liver transplantation in the
1990s. New postoperative adjuvant therapies with in-
terferon may be crucial in reducing the rate of recur-
rence, especially recurrent multicentric carcinogene-
sis.2' However, it remains unknown whether this
treatment improves survival.

There are some differences between the recent
UICCM and LCSGJ TNM staging systems.'? The major
differences between these two TNM staging systems
are the tumor cut-off size discussed above and the
extent of vascular invasion. Some studies reported
that microscopic vascular invasion reflected on prog-
nosis after resection.?> For patients with HCC, sev-
eral effective, nonsurgical modalities were applied,
such as transcatheter arterial chemoembolization, lo-
cal ablation therapy, etc. Therefore, it is important
that patients with HCC select adequate therapeutic
options based on a reliable prognostic preoperative
assessment using imaging studies and clinical data,
and not based on histopathologic reviews of resected
specimens. The results of the current study, in which
we reevaluated prognostic factors for patients who
underwent liver resection using a recent, large-scale
data base, will provide useful information with which

Prognostic Factors of HCC Patients/lkai et al. ant

to evaluate these TNM staging systems. Recently, new
staging systems for HCC reflecting tumor status and
liver functional status also have been proposed by
several groups, such as the Cancer of the Liver Italian
Program score,'® the Barcelona Clinic Liver Cancer
stage,?* and the Japan Integrating Staging score.®® It
will be necessary in the future to establish a common
international staging system to guide discussions of
treatment for patients with HCC.
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Abstract

We previously reported a new in vivo model named as “GEP/CCl, modet” for monitoring the transdifferentiation of green fluo-
rescent protein (GFP) positive bone marrow cell (BMC) into albumin-positive hepatocyte under the specific “niche” made by CCl
induced persistent liver damage, but the subpopulation which BMCs transdifferentiate into hepatocytes remains unknown. Here we
developed a new monoclonal antibody, anti-Liv8, using mouse E 11.5 fetal liver as an antigen, Anti-Liv8 recognized both hematopoietic
progenitor cells in fetal liver at E 11.5 and CD45-positive hematopoietic cells in adult bone marrow. We separated LivB-positive and
Liv8-negative cells and then transplanted these cells into a continuous liver damaged model. At 4 weeks after BMC transplantation,
more cfficient repopulation and transdifferentiation of BMC into hepatocytes were seen with Liv8-negative cells. These findings suggest
that the subpopulation of Liv8-negative cells includes useful cells to perform cell therapy on repair damaged liver.
© 2003 Elsevier Inc. All rights reserved.

Keywords: Bone marrow cell; Cell therapy; Regenerative medicing; Hepatic stem cell; Migration; Transdifferentiation; Mesenchymal stem cell;
Hematopoietic stem cell; Liver regeneration; Niche

Recently, several groups have reported the possible {1-4]. Ever since the transdifferentiation of BMC into
plasticity of bone marrow cells (BMCs) to transdiffer- hepatocytes was documented following a bone marrow
entiate into a variety of non-hematopoietic cell lineages transplant from a man donor to a woman recipient [5,6],

= gbhreviations: BMC, bone marrow cell; CCl, curbon tetrachloride; FAH, fumarylacetoucetate hydrolase; GFP, green fluorescent protein;
EGFEP, enhanced GFP; GFP-Tg mice, C57BL6/Tgi4 (uct-EGFP) OsbY01 mice: HSC, hematopoietic stem cell; E, embryonic day; MSC,
mesenchymal stem cells; MAPC, multipotent adult progenitor cell.
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BMC has been an attractive cell source in regenerative
medicine because getting BMC is easier than obtaining
other tissue-specific stem cells [7).

However, the results of recent studies have been
mixed in that some studies found that BMC was hardly
transdifferentiated while others documented high levels
of transdifferentiation [8,9). Successful transdifferentia-
tion in cell therapy involves various cell and recipient
factors, and these factors interact in a complex manner.
Therefore, it is difficult to identify the conditions nec-
essary for transdifferentiation, contributing to the varied
results among past studies. A past study using a fum-
arylacetoacetate hydrolase (FAH) knockout mice (met-
abolic tyrosinemia model) showed that hepatic functions
could be compensated by transplanting Lin-Kit + S-
ca+Thyllow (KTLS) marrow cells (10]. In the FAH
model, KTLS cells form foci and transdifferentiate into
hepatocytes. Results of recent studies suggest that
KTLS cells transdifferentiate into hepatocytes due to
fusion with hepatocytes [11,12]. The FAH model is a
specialized model of metabolic liver damage, making it
possible to analyze the transdifferentiation of BMC into
hepatocytes and functional compensation. However, a
model with which the transdifferentiation of BMC can
be analyzed under conditions of more general liver
damage is needed. Using autologous transplantation in
GFP transgenic mice [13], we established an isogenic
transplantation mode! to assess the transdifferentiation
of BMC into hepatocytes. This model is unique in that
uncultured BMCs efficiently migrate into the peri-portal
area of the liver and transdifferentiate into immature
bepatoblasts and differentiate into mature hepatocytes
under the specific “niche” of persistent liver damage
induced by persistent intraperitone:_al administration of
carbon tetrachloride (CCl,) [14]. In this model, liver
cirthosis was induced by 4 weeks CCJ, injection, and
BMC:s isolated from GFP transgenic mice were trans-
planted through the caudal vein. It is possible to chro-
nologically observe colonization and transdifferentiation
of BMC in the liver by continuous administration of
CCly, and we have named this model as the “GFP/CC],
model.” Furthermore, in this model, as in the natural
development of the liver, BMCs appear to be transdif-
ferentiated into hepatoblasts and then into hepatocytes.
In our GFP/CCl, model, the timing of cell transplan-
tation and the state of recipients appear to be suitable
for the transdifferentiation of BMC into hepatocytes,
Cell transplantation and continuous liver damage made
cfficient transdifferentiation of BMC into hepatocytes.
In a system similar to ours, human hematopoietic stem
cells (HSCs) were transplanted into the bone marrow of
immunologically tolerant NOD/SCID mice before ad-
ministration of CCl, and these cells differentiated into
albumin-positive hepatocyte-like cells after the CCl,
administration [15). These findings suggest that a special
“niche” created by CCly-induced liver damage is im-

portant for the migration of BMC to the liver and
transdifferentiation into hepatocytes. Also, it has been
reported recently that CCl, administration is effective
for improving the colonization of HSC to liver of NOD/
SCID [16].

The liver functions as a metabolic organ, but during
the fetal period, from embryonic day (E) 12 to 16
(E12-E16), the liver functions as a hematopoietic organ
[17]. Several studies have reported that mesenchymal
cells affect hepatic hematopoiesis during the fetal pe-
riod [18,19]. After this hematopoietic period, hepato-
blasts are involved in a complex manner to develop the
liver as a metabolic organ. However, documentation of
the existence of HSC in the adult liver suggests that,
even in the adult liver, blood cells and hepatocytes still
play some role in the maintenance of hepatic function
[20). To further analyze this aspect, we prepared new
rat monoclonal antibodies using the fetal liver on E
I1.5 as an antigen. One of these antibodies, anti-Liv2,
specifically recognizes hepatoblasts in the fetal Iiver
from E 9.5 to 12.5. The results of past studies wsing
the anti-Liv2 antibody have shown that SEKI, a
stress-signaling kinase, plays an important role in the
proliferation of hepatoblasts, thus suggesting that in-
flammatory signals are involved in the proliferation of
hepatoblasts [21].

Although various theories explain the existence of
pluripotent stem cells in BMC, the exact composition
of stem cells in BMC is not clear at this time; the
following cell types are known to exist in bone mar-
row: HSC [4,10], side population cells [22], and mes-
enchymal stem cells (MSC) [23]. Although past studies
used the existing antibodies and techniques, there have
not been any studies based on the findings associated
with natural liver development. Using fetal liver as an
antigen, we prepared a new monoclonal antibody, anti-
Liv8 antibody, to analyze which subpopulation of
BMC could differentiate into hepatocytes under CCl,-
induced continuous liver damage in the GFP/CCL
model [14]. This anti-Liv8 antibody recognizes hema-
topoictic cells using a specific cell surface marker and it
can be used to separate cells. In the present study, we
used this new antibody to separate BMC of adult mice
and then transplanted the different types into mice
under identical conditions of the GFP/CCl; model to
ascertain which types of BMCs transdifferentiate into
hepatocytes.

Materials and methods

Mice. CSTBL6/Tgl4 (2ct-EGFP) OsbY0l mice (GFP-Tg mice)
showed GFP expression in muliiple tissue and cells and were kindly
provided by Musart Qkabe (Genome Research Center, Osaka Uni-
versity, Osaka, Japan) [13]. CS7BL/6 female mice were purchased from
Japan SLC (Shizuoka, Japan). AMLI knockout mice were generated
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as described previously [24]. The genetic background of these mice
used in this study was CSTBL/6 mice. Male and female mice were
mated overnight and female mice were scored based on vaginal plaques
taken to represent E 0.5. Mice were nesthetized at the completion of
experiments. All processes, including surgical steps, were undertaken
with the guidance of the committee for animal and recombinant DNA
experimentation at Yamaguchi University.

Production of rat monoclonal antibody, Livs. Eight-week-old WKY/
NCrj female rats were immunized in the hind footpads with 100 pg E
11.5 murine fetal liver lysate in complete Freund’s adjuvant (0.2 ml).
Anti-Liv8 antibodies were raised according to a previously described
protocol [21].

Immunohistochemical staining for fetal liver. Fetal liver at E11.5 was

obtained from c¢57/BL/6 mice and AMLL knockout mice. Tissue’

preparation and immunohistochemical analysis were performed ac-
cording to a previously described protocol [21]. We unalyzed anti-Liv2-
and unti-Liv8-positive cells in fetal liver.

Preparation of GFP-positive BMC, For isolation of BMC, GFP-Tg
mice were sacrificed by cervical dislocation and the limbs were re-
moved. GFP-pasitive BMCs were flushed from the medullary cavities
of tibius and femurs with PBS culture solution using a 25 G needle. The
cell solution was filtered through a cell strainer (16 um) to remove
particular matter and centrifuged at 500g for Smin, After centrifuga-
tion, the supernatant was removed and cells were resuspended to
prepare 1.0 x 10° cells/ml GFP-positive BMC solutions. Preparation of
BMC takes approximately 1.5h.

FACS analysis of BMC using Liv8 antibody. Prepared GFP-positive
BMCs were reacted with rat biotin anti-LivB IgG antibody, R-Phy-
coerythrin (R-PE)-conjugated rat anti-CID45 (leukocyte common an-
tigen) monoclonal antibody (PharMingen, San Diego, USA) at the
rate of 1 pg per 10° 1otal cells, mixed well, and incubated in the gobos
for 30-40min at 4 °C. Following the incubation with the first antibody,
the cells were washed twice by 0.02M PBS and centrifuged at 500g for
Smin. Labeled cells were then reacted to streptavidin-fluorescein iso-
thiccyanate {FITC) conjugate (PharMingen) at the rate of 1 pg per 10
total cells, mixed well, and incubated in the gobos for 30-40min at
4°C. After that, these were washed out once with 0.02M PBS and
centrifuged at $00g for Smin, The labeled cells were analyzed using
FACS Calibur (Becton-Dickinson).

Sort GFP positive BMC by Liv8 antibody, Prepared BMCs were
reacted 1o rat anti-Liv8 IgG antibody at the rate of 1 pg per 10° total
cells, mixed well, and incubated in the gobos for 30-40min at 4°C.
Then cells were washed two times by 0.02 M PBS and centrifuged at
500g for Smin. Cells were labeled with rat anti-Liv8 IgG antibody by
reacting with Goat Anti-Rat 1gG MicroBeads (Miltenvi Biotec GmbH,
Bergisch Gladbuch, Germany) at the rate of 20l per 107 total cells,
mixed well, and incubated for 20-30min at 4°C. Labeled cells were
washed once by 0.02M PBS and centrifuged at 500g for Smin. These
cells wete separated into Liv-positive cells or negative cells by the
Auto Magnetic Cell Sorting system (Auto MACS) (Miltenvi Biotec
GnbH) for 10 min per tube.

Transplantation of Liv§-positive or negative BMC intq persistent liver
damaged mice. We developed a new in vivo model “GFP/CCL model”
for monitoring differentiation of BMCs into hepatocytes [14]. To gen-
erate u liver damage group, 0.5 ml’kg of CCl, was injected into the
peritoneum of 6-week-old CS7BL/6 fernales twice a week for 4 weeks.
Liver cirrhosis resulting from the continuous injections of CCl, was
confirmed. A control group of CS7BLJ6 mice that had not been treated
with CC, was also used. One day after the eighth injection, sorted Liv8-
positive or Liv8-negative BMC (1 x 10° cells) was slowly injected into
the caudal tail vein of mice using a 31 G needle and 4 Hamilton syringe.
After transplantation, CCly injections (0.5 ml/kg) were continued twice
a week. Mice were sacrificed weekly up to 4 weeks.

Tissue preparation. The livers were thoroughly perfused via the
heart with 4% paraformaldehyde (Muto, Tokyo, Japan). This step was
crucial for washing out contaminating blood cells, For fixation, the
perfused livers were incubated with 4% paraformaldehyde (Muto)

overnight and then soaked in 30% sucrose for a few more 3 days.
Tissues were frozen in dry ice and then sectioned into 18-um slices
using a cryostat (Moriyasu Kounetsu, Osaka, Japan) in preparation
for dyeing.

Immumokistochemistry and double immunafiuorescence for GFP. To
avoid autofluorescence, we used immunostaining to assess the
expression of GFP. Cells expressing GFP were analyzed by both
fluorescent microscopy and conventional immunohistochemistry with
anti-GFP antibody (Santa Cruz Biotechnology, Santa Cruz, Culifor-
nia, USA), Immunohistochemical analysis was performed according to
a previously described protocol {14,25). Sectioned tissues were incu-
bated with anti-GFP antibody {1:5000 FL, sc-8334; Santa Cruz Bio-
technology), anti-albumin (1:5000, 55462; ICN Pharmuceuticals, Costa
Mesa, CA, USA), and anti-Liv2 antibody (1:5000) {21]. For fuores-
cence immunohistochemistry, tissues were incubated with Alexa Fluor
R 488 and 568 donkey anti-goat IgG(H + L) conjugate, Alexa Fluor R
488 goat anti-rabbit IgG(H + L) conjugate, and Alexa Fluor R 568
goat znti-rat IgG(H + L) conjugate (Molecular Probes, Eugene, QR) as
secondary antibodies. Positive cells in the liver were quantified using a
Provis microscope (Olympus, Tokyo, Japan) equipped with 2 charge
coupled devise (CCD) camera and subjected to computer-assisted
image analysis with MetaMorph software (Universal Imaging,
Downingtown, PA). A total of 10 different arcas per liver section were
analyzed independently and the areas of positive cells were culculated
using the MetaMorph software.

Serum albumin level analysis. Serum albumin levels during the 4
weeks after Liv8-positive or Liv8-negative BMC transplantation were
analyzed using the SPOTCHEM EZ SP-4430 dry chemical system
(Arkray, Kyoto, Japan).

Statistical analysis. Velues are shown as meuans+ SE. Data were
analyzed by analysis of variance with Fisher's projected least signifi-
cant difference test.

Results

Anti-Liv8 antibody detected hematopoietic progenitor cell
in fetal liver at E 11.5

Previously we had raised a rat monoclonal antibody,
anti-Liv2, which recognized hepatoblasts at E 9.5 [21].
As shown in Fig. 1A, Liv2-positive cells were also de-
tected in fetal liver at E 11.5. Using the antibody de-
veloped in this study, Liv8-positive cells were scen in the
feta! liver on E 11.5 (Fig. 1B). Fetal liver at E 11.5
functions as a secondary hematopoietic organ [17]. We
analyzed whether anti-Liv8 positive cell is associated
with hepatoblast or hematopoietic cell. We found Liv2-
positive cells (Fig. 1C), but no Liv8-positive cells
(Fig. 1D), in the fetal liver of AML1~/~ embryos which
do not undergo definitive hematopoiesis [24]. These re-
sults suggested that anti-Liv-8 recognizes hematopoietic
progenitor cell in fetal liver.

Liv8-positive cells exist in adult bone marrow and express
CD45

Next, we investigated Liv8-positive cells in the BMC
of adult GFP Tg mice. Liv8-positive cells were found to
be present among adult BMCs in adult bone marrow
when analyzed in GFP-Tg mice. We found around 32%
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Fig. L. (A-D} Liv2 and Liv8 expression at B 11.5 in normal and AMLI~/- mice. Liv2 (A.C)und Liv8 (B,D) expression at E 1.5 in normal feta] liver
(A,B) and AMLI1~/~ mice (C,D). Magnification: (A-D) at 200x.

of Liv8-positive cells in adult GFP-Tg mice (Fig. 2A). expressed CD45 (Fig. 2B). These results showed that

We also analyzed the relationship between Liv8 and anti-Liv8 is useful to separate hematopoietic cell and
CD45, and found that 54% of Liv8-positive cells also non-hematopoeietic cell,
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Fig. 3. (A-D) Expression of GFP in liver after transplantation of Liv8-positive and LivB-negative cells. GFP expression in the liver after trans-
plantation of Liv8-positive BMCs at I week (A) and 4 weeks (C), GFP expression at the liver after Liv8-negative BMC transplantation at 1 week
(B) and 4 weeks (D) after cell injection. Magnification 200,
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Fig. 2. Expression of CD45, Liv8 in bone marrow cell. FACS analysis of all BMCs of GFP-Tg mice. (A) Staining with Liv8 and GFP. (B} Staining

with CD45 and Liv8.

Liv3-negative cells repopulated at the liver more than
Liv8-positive cells

After separating Liv8-positive cells from Liv8-nega-
tive cells using AutoMACS, these cells were trans-
planted to recipient mice with CCl-induced liver
cirrhosis. At one week after transplantation, both Liv8-
positive (Fig. 3A) and Liv8-negative cells (Fig. 3B)
colonized around the portal vein, with no marked dif-
ferences in the rate of colonization (Table 1). In the
Liv8-positive cell transplanted group, the number of
GFP-positive cells in the liver increased transiently, but
at four weeks after transplantation, the number of GFP-
positive cells was significantly lower in the Liv8-positive
cell group (Fig. 3C) than in the Liv8-negative cell group
(Fig. 3D). Furthermore, GFP-positive cells were colo-
nized inside the hepatic lobes in the Liv8-negative cell
group at four weeks after transplantation. These results
showed that Liv8-negative cell repopulated more than
Liv8-positive cell.

The LivS-negative cells transdifferentiate into hepatoblast
phenotype '

"'We showed in previous studies that tramsplanted
BMCs transdifferentiate into Liv2-positive bepatoblasts
and then further differentiate into hepatocytes [14,21]. In
the present study, we also investigated the presence of
cells expressing Liv2. Liv2-positive cells were identified
by immunostaining, and the results showed that Liv2-

positive cells were seen around the portal region one
week after transplantation, but that there was no sig-
nificant difference in the number of Liv2-positive cells
between Liv8-positive and Liv8-negative cell groups
(Figs. 4A and B, and Table 1). With time, the number of
Liv2-postitive cells in the liver decreased significantly for
the Liv8-positive cell group (Figs. 4C and D and Table
1). The transdifferentiation ot myelogenic GFP cells into
Liv2 cells was investipated. Cells that expressed both
Liv2 and GFP were detected at four weeks after trans-
plantation, and fluorescent staining showed that the
expression of Liv2 by myelogenic cells was higher for the
Liv8-negative cell group (Figs. 4E and F). These results
indicated that Liv8-negative celf could be transdifferen-
tiated into hepatoblast phenotype.

Albumin expression in the liver and serum albumin level
following transplantation of Liv8-positive and Liv3-nega-
tive BMCs

At one week after cell transplantation, there was no
marked change in the expression of albumin for both
Liv8-positive and Liv8-negative cell groups (Figs. 5A
and B). However, at four weeks after transplantation,
the expression of albumin decreased with time for the
Liv8-positive cell group (Fig. 5C), but remained the
same for the Liv3-negative cell group (Fig. 5D).
Furthermore, at four weeks after cell transplantation,
the number of yellow cells expressing both albumin
and GFP was higher for the Liv8-negative cell group

Table 1
Percent of area for cach differentiation marker after Liv8(+) and Liv8(—) cell transplantation under the persistent liver damage
1 week (# = 5) 2 weeks (= 5) Jweeks (n=15) 4 weeks (n = 5)
GFP Liv8(+) [ERE N ) 151+£2. 1 9.4+0.8 5.1%06"
Liv8(~) 1.7£1.0 132+0.8 12426 9.5+3.6°
Liv2 Liva{+) 6.0x1.1 73435 8.2+18 3309
Liv3(=) 55213 58+08 92106 17109
Albumin Liv8{+) 15019 149425 6.81£2.6" 3714
Liv8(=) 12.7+3.2 125+32 4.8 £1.3 106+2.1

Values shown are percent of the area occupied.

*showed significant differences at cach sampling point {7 = 5) at p < 0.05 between LivB(+) and LivB(-) cell transplantation groups.
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Fig. 4. (A-F) Expression of Liv2 antigen in liver afier transplantation of Liv8-positive and Liv8-negative cells. Liv2 antigen expression at 1 week (A)
and 4 weeks (C) after LivB-positive BMC transplantation. Magnification at 200%. Liv2 antigen expression at liver at 1 week (B) and 4 weeks (D) after
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(Figs. 5E and F). To ascertain whether transplanted cells
were functioning as hepatocytes, serum albumin levels
were measured. Serum albumin levels increased for both
groups and were higher for the Liv8-negative cell group
than the Liv8-positive cell group. The serum albumin
levels at 4 weeks after Liv8-negative BMC transplanta-
tion showed the significantly higher levels for Livg-
negative cell group compared to the Liv8-positive BMC
group (n =35, p < 0.05) (Fig. 6). These results also

showed that Liv8-negative cell could transdifferentiate
into albumin-positive hepatocyte.

Discussion

The anti-Liv8 antibody is 2 useful antibody to sepa-
rate hematopaoietic cells and non-hematopoietic cells in
adult bone marrow. We found Liv8-positive cells in fetal
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Fig. 6. The level of serum albumin. Serum albumin levels after Live-
positive or LivB-negative cell transplantation. CCl, 4w, 4 weeks CCl,
injection group. BMT 1w, 1 week after BMC transplntation. BMT
2w, 2 weeks after BMC transplantation. BMT 3w, 3 weeks after BMC
transplantation. BMT 4w, 4 weeks after BMC transplantation.
* showed significant differences at each sampling point (n=35) at
p < 0.05.

liver at E11.5, but could not detect no-positive cells in
fetal liver of AMLI] knockout mice (Fig. 1C) at E 11.5.
This result suggested that anti-Liv8-positive cell might
be associated with the generation of HSC. We used
FACS analysis to understand more about the charac-
terization of Liv8-positive cells in the bone marrow.
Around 32% of all BMCs, which were positive for Livg,
also expressed CD45 (Figs. 2A and B). CD45 is the
pantrophic marker for hematopoietic cell marker
[26,27). These results suggest that anti-Liv8 recognizes
most hematopoietic cells. We separated BMCs into
Liv8-positive cells and Liv8-negative cells using Auto-
MACS, and the repopulation and transdifferentiation of
these cells into liver was analyzed in the GFP/CCl,
model [14].

First we analyzed the colonization of transplanted
Liv8-positive or negative cell. There was no change in
the ratio of GFP-positive cells one week after trans-
plantation between the Liv8-positive and Liv8-negative
cell groups (Figs. 3A and B). In both groups, GFP-
positive cells were found around the portal vein. The
expression of GFP decreased with time for the Liv8-
positive cell group (Fig. 3C), but in the Liv8-negative
cell group, GFP-positive cells entered the hepatic lobes
(Fig. 3D). At four weeks after transplantation, the rate
of colonization for the Liv8-positive cell group was
significantly lower than that for the Liv8-negative cell
group (Table 1). Previously we found that colonization
was not observed when BMCs were transplanted to
normal recipients, but colonization was observed when
BMCs were transplanted to recipients with liver cir-
rhosis caused by administration of CCly [14]. Some
previous studies also have reported that CCly injection
enhances the repopulation of hepatocytes following he-
patocyte transplantation via the spleen [28,29]. It has
been documented that elevated levels of SDFL and

matrix metalloprotease 9 (MMP9) might have an im-
portant role for the migration of BMCs to the liver at
liver damage by CCl; administration [16,30]. In the
GFP/CCl, the expression of MMP9 was also increased
by the transplantation of BMCs (I. Sakaida, unpub-
lished data). At 1 week after transplantation, there was
no marked difference in colonization between the Liv8-
positive and negative transplantation groups. These re-
sults suggest that the early migration of BMC into liver
was determined by the recipient condition. Next we
analyzed the transdifferentiation of BMC into functional
hepatocyte in the “niche” where transdifferentiation of
BMC into hepatocyte is favorable [14]. The results of
our past analyses have shown that transplanted BMCs
transdifferentiate into Liv2-positive hepatoblasts and
then differentiate into hepatocytes only under continu-
ous inflammation. The persistent liver damage made by
injection of persistent CCl, injection is important for the
transdifferentiation of BMC [14]. When human HSCs
were transplanted to immunologically tolerant NOD/
SCID mice and followed up with administration of
CCl, it was found that transplanted human HSC was
differentiated into albumin express hepatocyte-like cell
[15]. Albumin/promoter-Alb-DsRed2 Tg rat was estab-
lished to monitor the transdifferentiation into albumin
positive cell. Albumin-producing DsReds cell was in-
creased by repeated administration of CCl [31]. A study
reported recently that the transdifferentiation of BMCs
was low when inducing liver damage by CCl,y adminis-
tration before or after transplantation [32]. Different
results were obtained with these systems because chronic
liver damage before and after transplantation was not
evident. The persistent liver damage might be the key
factor to induce the transdifferentiation of BMC into
hepatocyte. We investigated the transdifferentiation of
Liv8 positive and negative BMCs into hepatoblast and
hepatocytes by Liv2 and albumin expression. Like GFP,
Liv2-positive cells were seen around the portal vein one
week after transplantation for both Liv8-positive and
Liv8-negative cell groups, and there was no marked
difference between the two groups (Figs. 4A and B). On
the other hand, at four weeks after transplantation, the
expression of Liv2 for the Liv8-positive cell group was
significantly lower than that for the Liv8-negative cell
group (Figs. 4C and D). The resuits of double staining at
four weeks after transplantation also showed that the
number of myelogenic Liv2-positive cells was greater for
the Liv8-negative cell group (Figs. 4E and F). Figs. 5C
and D show the expression of albumin four weeks after
transplantation and the expression of albumin for the
Liv8-negative cell group was higher (Fig. 5D). The ex-
pression of albumin and GFP in myelogenic cells was
significantly higher for the Liv8-negative cell group
(Fig. 5F). Furthermore, we investigated functional re-
covery by comparing improvement in hepatic failure
between the Liv8-positive and Liv8-negative cefl groups.
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As shown in Fig. 6, when CCL was administered in the
same manner to the Liv8-positive and Liv8-negative cel]
groups, and the level of serum albumin increased in both
groups, but a significant finding in this analysis was
significant improvements in the serum albumin levels at
four weeks after transplantation in the Liv8-negative cell
group compared to the Liv8-positive cell group
(» < 0.05). These findings support those of immuno-
staining, These results can be summarized that Liv8-
negative cells are more likely to transdifferentiate into
hepatocytes with time passed. The subpopulation which
was deleted by anti-Liv8 will be useful cells to use cel]
therapy using BMC to repair damaged liver, The Liv8
negative cell was thought to be non-hematopoietic cells.
For example, multi-potent adult progenitor cells
(MAPCs) from BMCs differentiate into functional he-
patocyte like cells [33,34]. Our results might support that
mesenchymal cells may differentiate into pluripotent
cells under certain conditions.

Still the precise mechanisms to regulate repopulation
and transdifferentiation BMC into hepatocyte are un-
certain. To develop a cell therapy using BMC to repair
damaged liver, we are planning to further analyze these
mechanisms.
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Herbal medicine Sho-saiko-to (TJ-9) increases expression matrix
metalloproteinases (MMPs) with reduced expression of tissue
inhibitor of metalloproteinases (TIMPs) in rat stellate cell
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Abstract

We have reported that Sho-saiko-to (TJ-9) prevents liver fibrosis in vivo. To gain further insights into the
effect of TJ-9, the matrix metalloproteinases (MMPs)/tissue inhibitors of metalloproteinases (TIMPs) balance
was examined. Hepatic stellate cells (FISCs) were isolated from male Wistar rats and cultured with TJ-9 (0-1000
ng/ml) on uncoated plastic dishes for 4 days. To elucidate the effects on the MMPs/TIMPs balance by TJ-9,
quantitative analysis of type TV collagen-degrading activity, gelatin zymography and reverse zymography were
carried out. Northem blot analysis was performed to determine the expression of MMP-2, 13 and TIMP-1
mRNAs. TJ-9 treatment resulted in dose-dependent upregulation of MMP-2, 13 mRNA and downregulation of
TIMP-1 mRNA up to 500 ug/ml. Gelatin zymography, reverse zymography and quantitative analysis of type IV
collagen-degrading activity confirmed that TJ-9 increased MMP-2 activity and prevented TIMP-1, 2 activities in
a dose-dependent manner. SB203580 diminished the reduction of mRNA as well as the activity of TIMP-1 by
TJ-9 and induction of mRNA as well as the activity of MMP-2. These results show that TJ-9 increased MMP-2,
13 activity with reduced TIMP-1, 2 activities on HSCs possibly via P38 pathway.
© 2004 Elsevier Inc. All rights reserved.
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